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^~~i ^ Abstract. Event-by-event fluctuations of produced particle multiplicities are 

00 ' believed to be sensitive to a deconfinement phase transition and the critical point 

, of strongly interacting matter. The NA49 collaboration has conducted a systematic 

^ ' study of various fluctuation observables. In this contribution, recent results on 

^ . hadron ratio fluctuations in central Pb-fPb collisions at y^s^ = 6.3 to 17.3 GeV 

'T^ I are reported. These results are complemented by the centrality dependence of hadron 

^ ' ratio fluctuations at ^Js^^ — 17.3 GeV. A universal scaling was found, describing the 

C . energy and centrality dependence of the (K+-|- K~)/(7r+-|- 7r~) and (p -t- p)/(7r+-|- 7r~) 

ratio fluctuations purely by a change in the observed average hadron multiplicities. 

T— I ■ This scaling is broken for the fluctuations of the (K++ K^)/(p + j5) and K+/p ratios, 

J^ , possibly hinting at a change in the baryon number-strangeness correlation. 

,__! . An event-by-event measurement of hadron ratios allows to characterize the hadro- 

[^ . chemical composition of the "fireball" of hot and dense nuclear matter created in 

^ . individual heavy-ion collisions. In the vicinity of a phase transition, where the 

T-H . underlying degrees of freedom change, distinct fluctuation patterns in these ratios 

>■ . are expected. This is substantiated by lattice QCD calculations IT], that exhibit a 

^ . swift change in quark number susceptibilities at the critical temperature for vanishing 

baryo-chemical potential. Recent results at finite fiB [21 E] even report diverging 
susceptibilities, that are possibly related to the critical point of strongly interacting 
matter. 

An additional motivation to study hadron ratio fiuctuations is the expected change 
of the baryon-strangeness correlation [4] at the deconfinement phase transition. This 
might be refiected in the fiuctuations of the K/p ratio, because kaons and protons are 
the major carriers of strangeness and baryon number. 

NA49 [5] is a large acceptance fixed target hadron spectrometer at the CERN Super 
Proton Synchrotron (SPS). The main detectors used in the present analysis are the 
Time Projection Chambers (TPCs), used for tracking and particle identification (PID) 
via specific energy loss. Their large acceptance makes event-by-event measurements 
possible, as a significant fraction of the produced hadrons can be observed and identified. 
A good knowledge of this acceptance is crucial: While for inclusive measurements 
it is possible to extrapolate into unmeasured regions, this is not possible in the case 
of fiuctuations. For the interpretation of fiuctuation results it is thus important to 
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compare to models within the same acceptance. For that reason tables describing the 
NA49 acceptance are available at [6], and all model comparisons reported here have 
been performed within this acceptance. 

Particle identification with the NA49 TPCs is done in the relativistic rise region 
of the specific energy loss in the detector gas. Event-wise hadron ratios are extracted 
with a maximum likelihood method. A detailed description of this method can be 
found in [71 E]. The scaled width of a resulting hadron ratio (e.g. K/n) distribution, 
defined as a'^ = n^ill now contains, besides the physics correlations to be studied, 
additional effects from the FID method and from finite number statistics. The latter 
two are reproduced using a reference sample by subjecting mixed events to the same 
FID method as the data. The "dynamical" fiuctuations, arising only from the physics 
correlations, can then be calculated as 

adyn = sign (al^^^ - a^j^) \/|a^ata - ^mixl- (1) 

(Tdyn of the (p + p)/(7r++ TT^) and (K+ + K^)/(7r++ tt^) ratios was studied in 
central Fb+Fb collisions at five energies between 6.3 and 17.3 GeV [H]. The results 
are shown in figure [H with vertical bars indicating the statistical errors, while the grey 
boxes represent the systematic errors determined in extensive checks of the analysis. For 
(p+p)/(7r++7r~) negative values of cxdyn are observed, indicating a correlated production. 
The data is well described by the hadronic transport models UrQMD [10] and HSD [TT] 
with the production and strong decay of nucleon resonances as the dominating process 
correlating proton and pion numbers. For (K++ K~)/(7r++ tt^) fiuctuations positive 
values of o"dyn and a rise towards low energies is observed. The energy dependence of 
this anticorrelation is not reproduced by the hadronic models. UrQMD describes the 
high energy points, but shows only a weak change towards low energies. In HSD, the 
rise towards low energies can be observed, but the high energy points are over-predicted. 

An alternative explanation of the energy dependence however can be derived from 
properties of the observable o"dyn itself. It can be separated [12] into a correlation 
strength term and one which is purely dependent on multiplicities. If we assume an 
invariant correlation strength, as e.g. realized in a grand-canonical hadron resonance gas 
at fixed temperature and chemical potentials, only the multiplicity dependence remains. 
The general expectation from [12] is 



^dynOC^— + — , (2) 

for invariant correlation strength, where {A) and {B) are the average multiplicities of 
the two hadron species under consideration. This scaling, indicated by the black lines in 
figure[T]works surprisingly well in both cases, (p+p)/(vr++7r^) and (K++K^)/(7r++7r^). 
Complementary to the energy scan, the centrality dependence of (p + p)/(7r++7r^), 
(K++ K~)/(7r++ TT") and (K++ K-)/(p + p) fiuctuations in Fb+Fb collisions at the 
top SFS energy of y/s^ = 17.3 GeV was studied [13] and is presented in figure [2J The 
scaling properties of cXdyn found for the energy dependence above can thus be further 
tested by an analysis at fixed energy, only varying the system size. This has been done 
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Figure 1. Energy dependence of CTdyn for (p + p)/(7r++7r^) and (K++K^)/(7r++7r^) 
in central Pb+Pb collisions, compared to results from the transport models UrQMD 
and HSD, as well as to the multiplicity scaling described in the text. 
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Figure 2. Centrality dependence of (K++ K^)/(7r++ tt^), (p + p)/(7r++ tt^) and 
(K++K^)/(p+p) fluctuations in Pb+Pb collisions at y/s^ — 17.3 GeV. The centrality 
is expressed in terms of N^/, the number of "wounded" or participating nucleons. 



before by STAR ^^ for (K++K^)/(7r++7r^) fluctuations at two higher energies, and an 
increase of cxdyn when going to peripheral collisions was observed. All three ratios studied 
by NA49 show a similar increase in the magnitude of a^yn when going to peripheral 
collisions. The hadronic transport model UrQMD predicts a similar behaviour here, 
and the scahng suggested above shows the same dependence. This is compatible with 
the hypothesis that at constant energy the underlying correlations are not significantly 
changed by a variation of the system size. 

In a new analysis [15] fluctuations of the kaon to proton ratio were investigated, 
motivated by their conjectured connection to the baryon-strangeness correlation [3]. 
The results are shown in figure [3l In addition to the combined charges ratio 
((K++ K^)/(p + p)), (Tdyn was also evaluated for the K+/p ratio. The latter has the 
advantage that one source of correlation can be excluded in this channel: No resonance 
feeds into K+ + p. 

For both ratios, o"dyn shows a strong dependence on y/s^, going from positive 
values at low energies to cTdyn < at high energies. This behaviour is not reproduced 
by the transport models. HSD and UrQMD disagree with regard to the predicted value 
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Figure 3. Energy dependence of (Tdyn for the (K++ K^)/(p + p) and K+/p ratios in 
central Pb+Pb collisions, compared to calculations in the transport models UrQMD 
and HSD, as well as to the multiplicity scaling described in the text. 



of CTdyn, and both models show practically no energy dependence in strong contrast to 
the data. 

The scaling that successfully described the centrality dependence of all three 
ratios studied above as well as the energy dependence of (K++ K^)/(7r++ tt^) and 
(p + p)/(7r++ TT^) fluctuations fails to work here. The change of sign observed for 
(K++K^)/(p + p) and K^P excludes any simple scaling based on average multiplicites. 
Keeping in mind that such a scaling assumes an invariant correlation strength, this 
result indicates that the underlying correlation between kaons and protons is changing 
with energy. 
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